Summary
Introduction
A surrogate end point, or marker, is a laboratory measurement or physical sign that is used in therapeutic trials as a substitute for a clinically meaningful end point that is a direct measure of how a patient feels, functions, or survives and that is expected to predict the effect of the therapy.
US Food and Drug Administration 1
The essential feature of this definition is the strong association between the marker and the clinical end point or outcome. The effect of a treatment on a surrogate marker must reflect its effect on the clinical outcome. 2 (Table 1) . 
Surrogate markers in clinical trials
In phase II trials 3 , surrogate markers provide interim measures of interventions and thereby predict whether longer term, more extensive and costly phase III trials are worthwhile.
There is great interest in markers that allow researchers to make predictions of drug effects or disease progression by extrapolating short-term results to long-term clinical end points.
Studies frequently make use of these markers rather than clinical outcomes. Surrogate markers can be used to monitor disease control, for example glycated haemoglobin (HbA1c) as a marker of diabetes control. They can also be used to determine disease prognosis, for example increased viral load and decreased CD4 cell count as a predictor of progression to AIDS in patients infected with HIV. Other markers are used to determine the risk of developing a separate outcome, for example, blood pressure and the risk of adverse cardiovascular events.
While surrogate markers are useful for reducing the duration of studies, the translation of results from trials involving one drug to trials of another drug is likely to be invalid unless the marker has been shown to be valid in multiple different trials. 7 However, surrogate markers are frequently used in drug comparison studies. Improvements in surrogate markers may be accepted by drug regulatory authorities as evidence that one drug is more efficacious than another.
Validating surrogate markers
The only way to properly validate potential surrogate markers is through stringent examination in phase III clinical trials.
The primary end point then needs to be a relevant clinical event. Final evidence of a strong association is shown through consistent performance of the marker in meta-analyses of multiple phase III trials.
There are criteria which define the validity of surrogate markers. 8 Although these are controversial 7 , they provide a useful framework on which to base a model for surrogate markers. The ideal situation is one in which the surrogate lies directly in the causal pathway to the clinical end point and the drug or intervention has a predictable and direct effect on both the surrogate and the clinical end point.
Perhaps more useful is an explanation of how surrogates fail to predict clinical end points. There are four possibilities (see 
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Surrogates and safety
Surrogate markers may have implications for safety because they may be unaffected by the adverse effects of an intervention. The ILLUMINATE trial in cardiovascular disease was stopped because there was higher mortality with the study drug (torcetrapib) even though it was effective at reducing LDL cholesterol. 9 The use of a surrogate marker in a short-term study using relatively small numbers of patients may not reveal rare adverse effects, whereas a longer, larger phase III trial would be more likely to detect these events. This risk may be further increased if these surrogates move from research to clinical practice. Unless there is a strong correlation between the surrogate and the clinical outcome, clinicians should focus on treating the disease, not just the surrogate marker.
The risk of translating surrogate markers to clinical practice
Even if an intervention has an effect on a surrogate marker and that marker is clearly in the causal pathway of the clinical end point, the effect may not persist long enough for the drug to alter the long-term clinical outcome. The drug may seem to be efficacious because of its short-term effect on the surrogate marker, but have no effect on the clinical outcome.
There is evidence that LDL and total serum cholesterol are valid markers or 'risk factors' for cardiovascular outcomes, based on a number of well validated long-term studies. However, there is doubt about whether a reduction in LDL or total cholesterol over a short period of time will predict the long-term effect and therefore outcome. An example of this would be when a new drug is shown to be more effective than another at lowering LDL cholesterol over 16 weeks and the result is extrapolated to imply a greater reduction in the long-term risk of cardiovascular events.
A recent example is the ENHANCE trial. 10 Although the combination of ezetimibe and simvastatin lowered LDL cholesterol over a two-year period, there was an increase in the carotid intima-media thickness. The trial relied on the combination of one well accepted (LDL cholesterol) and one controversial (intima-media thickness) surrogate marker to show the drug's effect. One of the many questions raised by this study is whether a reduction in intima-media thickness will translate into a reduction in cardiovascular events. This question will remain until the results of larger phase III trials are available.
Questions remain as to the utility of bone mineral density in predicting fracture risk. The major problem seems to be establishing a threshold level for acceptable risk in a condition which has multiple contributing risk factors such as age, sex, smoking history and alcohol intake. The introduction of bisphosphonates and how much benefit can be gained, based solely on changes in bone mineral density, is difficult to determine for an individual. 11, 12 The restriction of bisphosphonate use, at least in Australia, to those who have sustained a fracture may seem overly cautious but might be the most reasonable way to attribute individual risk because of the poor individual correlation between bone mineral density and risk of fracture.
Conclusion
Surrogate markers are born of phase II trials and are not necessarily ideal for use in clinical decision making. Phase III trials should be the true testing ground for the validity of w w w. a u s t ra l i a n p re s c riber.com 
